An organometallic NO-bidentate Schiff base, (2-(1-((1-carboxyethyl)imino) ethyl) cyclopenta-2,4-dien-1-yl)(cyclopenta-2,4-dien-1-yl) iron (HL) was synthesized by condensation of 2-acetylferrocene with amino acid alanine. Then its octahedral Cr (III), Mn (II), Fe (III), Co (II), Ni (II), Cu (II), Zn (II) and Cd (II) complexes were synthesized. All compounds were characterized on the basis of elemental analysis (C, H, N and M) 
| INTRODUCTION
Cancer is considered as a large family of diseases which involves abnormal cell growth that may be spread to other parts of the body. Nowadays, a lot of drugs that are used for cancer treatment are cytotoxic which affected by one way or more with the function of DNA in the cells. As a result, the most important challenge these days is to develop novel anticancer drugs with high efficacy and low toxicity. [1] Schiff bases are compounds that have azomethine functional group which have been synthesized by the condensation of primary amines with active carbonyls (aldehyde or ketone). [2] These Schiff bases are very important in the synthesis of many potential and effective anticancer drugs. Also, they have a broad spectrum of biological activities such as antibacterial, antifungal, antimalarial and anti-inflammatory activities. [3] The biological activities of Schiff bases can be increased upon complexation with different transition metal ions. [4] [5] [6] Organometallic Schiff bases and their transition metal complexes are considered as very essential compounds because of their electrochemic-analysis, biochemical synthesis, anticancer, antimicrobial, antifungal as well as catalytic activities. [7] Due to their very important functions in different fields, ferrocenyl Schiff bases and their transition metal complexes were prepared. These prepared compounds can be used in catalysis, crystal engineering, material science and bio-organometallic chemistry. [8, 9] Some drugs were very effective by presence of ferrocene group in their structures such as ferrocene aspirin, anticancer drug ferrocifen, antimalarial drug ferrocene quine, ferrchloroquine and ferrocene hydroxytamoxifen. [10] In the light of these important functions of ferrocene organometallic Schiff bases, preparation of new ferrocenyl Schiff base ligand that derived from 2-acetylferrocene and alanine was the main target of interest. Then its metal complexes of Cr (III), Mn (II), Fe (III), Co (II), Ni (II), Cu (II), Zn (II) and Cd (II) were also prepared. All compounds were then characterized using different spectroscopic techniques. For better understanding the structure of ligand, DFT calculations were performed. The biological and anticancer activities of these compounds were also investigated. Finally, molecular docking was studied to determine the probable binding mode of the ligand and its Co (II) complex with the active site of 3HB5, 3MIW, 51BV and 4WM8 receptors.
| EXPERIMENTAL

| Materials and reagents
All chemicals used were of the analytical reagent grade (AR) and of highest purity. The chemicals used included 2-acetylferrocene, alanine, CrCl 3 .6H 2 2 and CdCl 2 and they were supplied from Strem Chemicals Inc., Sigma-Aldrich, BDH, and Merck, respectively. Organic solvents used were ethyl alcohol (95%), methyl alcohol and N,N-dimethylformamide (DMF). Deionized water was usually used in all preparations.
| Solutions
Stock solutions of the ferrocene Schiff base ligand and its metal complexes of 1 X 10 −3 M were prepared by dissolving an accurately weighed amount in N,Ndimethylformamide for Cr (III), Ni (II) and Cu (II) complexes and in ethanol for HL ligand, Mn (II), Fe (III), Co (II), Zn (II) and Cd (II) complexes. The conductivity then measured for the 1 X 10 −3 M solution of metal complexes. Dilute solutions of the Schiff base ligand and its metal complexes (1 X 10 −4 M) were prepared by accurate dilution from the previous prepared stock solutions for measuring their UV-Vis spectra.
| Solution of anticancer study
A fresh stock solution (1 × 10 −3 M) of organometallic Schiff base ligand (0.12 X 10 −2 g l −1 ) was prepared in the appropriate volume of ethanol (90%). DMSO was used in cryopreservation of cells. RPMI-1640 medium was used. The medium was used for culturing and maintenance of the human tumor cell line. The medium was supplied in a powder form. It was prepared as follows: 10.40 g of medium was weighed, mixed with 2 g of sodium bicarbonate, completed to 1 l with distilled water and shaken carefully until complete dissolution. The medium was then sterilized by filtration in a Millipore bacterial filter (0.22 ml). The prepared medium was kept in a refrigerator (4°C) and checked at regular intervals for contamination. Before use, the medium was warmed at 37°C in a water bath and supplemented with penicillinstreptomycin and FBS. Sodium bicarbonate was used for the preparation of RPMI-1640 medium. Isotonic trypan blue solution (0.05%) was prepared in normal saline and was used for viability counting. FBS (10%, heat inactivated at 56°C for 30 min), 100 units/ml penicillin and 2 mg/ml streptomycin were used for the supplementation of RPMI-1640 medium prior to use. Trypsin (0.25 X 10
% w/v) was used for the harvesting of cells. Acetic acid (1% v/v) was used for dissolving unbound SRB dye. SRB (0.40%) dissolved in 1% acetic acid was used as a protein dye. A stock solution of trichloroacetic acid (50%) was prepared and stored. An amount of 50 μL of the stock was added to 200 μL of RPMI-1640 medium per well to yield a final concentration of 10% used for protein precipitation. Isopropanol (100%) and ethanol (70%) were used. Tris base (10 mM; pH = 10.50) was used for SRB dye solubilization. Tris base (121.10 g) was dissolved in 1000 ml of distilled water and the pH was adjusted using hydrochloric acid (2 M).
| Instrumentation
Microanalyses of carbon, hydrogen and nitrogen were carried out at the Microanalytical Center, Cairo University, Egypt, using a CHNS-932 (LECO) Vario elemental analyser. Analyses of the metals were conducted by dissolving the solid complexes in concentrated HNO 3 , and dissolving the residue in deionized water. The metal content was carried out using inductively coupled plasma atomic absorption spectrometry (ICP-AES), Egyptian Petroleum Research Institute. Fourier transform infrared (FT-IR) spectra were recorded with a PerkinElmer 1650 spectrometer (400-4000 cm −1 ) in KBr pellets.
1
H-NMR spectra, as solutions in DMSO-d 6 , were recorded with a 300 MHz Varian-Oxford Mercury at room temperature using tetra-methylsilane as an internal standard. Mass spectra were recorded using the electron ionization technique at 70 eV with an MS-5988 GS-MS Hewlett-Packard instrument at the Microanalytical Center, National Center for Research, Egypt. UV-visible spectra were obtained with a Shimadzu UVmini-1240 spectrophotometer. Molar conductivities of 10 −3 M solutions of the solid complexes in DMF were measured using a Jenway 4010 conductivity meter. Thermogravimetric (TG) and differential thermogravimetric (DTG) analyses of the solid complexes were carried out from room temperature to 1000°C using a Shimadzu TG-50H thermal analyzer. Antimicrobial measurements were carried out at the Microanalytical Center, Cairo University, Egypt. Anticancer activity experiments were performed at the National Cancer Institute, Cancer Biology Department, Pharmacology Department, Cairo University. The optical density (OD) of each well was measured spectrophotometrically at 564 nm with an ELIZA microplate reader (Meter tech. R960, USA). The scanning electron microscope (SEM) image of the complexes was recorded by using SEM Model Quanta 250 FEG (Field Emission Gun) attached with EDX unit (Energy Dispersive X-ray Analyses), with accelerating voltage 30 K.V., magnification 14X up to 1000000 and resolution for Gun.1n, National Research Center, Egypt).
| Synthesis of organometallic Schiff base ligand (HL)
The organometallic Schiff base (HL) was prepared by refluxing a mixture of alanine (0.03 mol, 2.76 g) dissolved in distilled water and 2-acetylferrocene (0.03 mol, 7 g) dissolved in methanol as shown in Scheme (1). The resulting mixture was stirred under reflux for about 2 h at 100-150°C, during which an orange solid compound was separated. It was filtered, recrystallized, washed with diethylether and dried in vacuum. 
| Synthesis of Schiff base metal complexes
The 
| Spectrophotometric studies
The absorption spectra were recorded for 1 X 10 −4 M solutions of the free organometallic Schiff base ligand and its metal complexes. The spectra were scanned within the wavelength range from 200 to 700 nm.
| Antimicrobial activity
A filter paper disk (5 mm) was transferred into 250 ml flasks containing 20 ml of working volume of tested solution (100 mg ml −1 ). All flasks were autoclaved for 20 min at 121°C. LB agar media surfaces were inoculated with four investigated bacteria (Gram-positive bacteria: Bacillus subtilis and Staphylococcus aureus, Gram-negative bacteria: Escherichia coli and Salmonella typhimurium and two strains of fungi (Aspergillus fumigatus and Candida albicans) by diffusion agar technique, [11] and then transferred to a saturated disk with a tested solution in the center of Petri dish (agar plates). The newly synthesized Schiff base ligand and its metal complexes were placed at 4 equidistant places at a distance of 2 cm from the center in the inoculated Petri plates. DMSO served as control. Finally, all these petri dishes were incubated at 25°C for 48 hr where clear or inhibition zones were detected around each disk. Control flask of the experiment was designed to perform under the same condition described previously for each microorganism but with N, N-dimethylformamide solution only and by subtracting the diameter of inhibition zone resulting with DMF from that obtained in each case, so antibacterial activity could be calculated. Gentamycin and ketokonazole were used as reference compounds for antibacterial and antifungal activities, respectively. All experiments were performed as triplicate and data plotted were the mean value.
[12]
| Anticancer activity
Potential cytotoxicity of the Schiff base ligand and its metal complexes were tested using the method of Skehan and Storeng. [13] Cells were plated in 96-multiwell plate (104 cells well-1) for 24 hr before treatment with the newly synthesized Schiff base ligand and its metal complexes to allow attachment of cell to the wall of the plate. Different concentrations of the tested compounds under investigation (5, 12.5, 25, 50 and 100 μg ml −1 ) which were added to the cell monolayer triplicate wells were prepared for each individual dose. The monolayer cells were incubated with the compounds for 48 hr at 37°C and in 5% CO 2 atmosphere. After 48 hr, cells were fixed, washed and stained with SRB stain. Excess stain was washed with acetic acid and attached stain was recovered with tris-EDTA buffer. The optical density (O.D.) of each well was measured spectrophotometrically at 564 nm with an ELIZA microplate reader, the mean background absorbance was automatically subtracted and mean values of each drug concentration were calculated. The relation between surviving fraction and drug concentration is plotted to get the survival curve of breast tumor cell line for each compound.
• Calculation:
• The percentage of cell survival was calculated as follows:
The IC 50 values (the concentrations of the Schiff base ligand or its metal complexes required to produce 50% inhibition of cell growth) were calculated. The experiment was repeated three times for MCF7 cell line.
| Computational methodology
DFT and molecular modeling theoretical calculations for organometallic Schiff base ligand (HL) was carried out on Gaussian03 package, [14] at density functional theory (DFT) level of theory. The molecular geometry for the tested ligand was fully optimized using density functional theory based on B3LYP method along with the LANL2DZ basis set. The optimized structure of the ligand (HL) was visualized using Chemcraft version 1.6 package and GaussView version 5.0.9. [15] Quantum chemical parameters such as the highest occupied molecular orbital energy (E HOMO ), the lowest unoccupied molecular orbital energy (E LUMO ) and HOMO-LUMO energy gap (ΔE) for the investigated molecule were calculated.
| Molecular docking
Molecular docking studies were elaborated using MOE 2008 software and it is rigid molecular docking software. These studies are very important for predicting the possible binding modes of the Schiff base ligand and its Co (II) complex against the receptors of breast cancer mutant oxidoreductase (PDB ID: 3HB5), crystal structure of Rotavirus NSP4 (PDB ID: 3MIW), crystal structure of human Astrovirus capsid protein (PDB ID: 5IBV), crystal structure of human Enterovirus D68 (PDB ID: 4WM8). [16] Docking is an interactive molecular graphics program that can be used to calculate and display feasible docking modes of the receptors with HL ligand and complex molecules. It necessitates the ligand, its Co (II) complex and the receptors as input in PDB format. The water molecules, co-crystallized ligands and other unsupported elements (e.g., Na, K, Hg, etc.,) were removed but the amino acid chain was kept. [17] The structure of the ligand and it Co (II) complex in PDB file format was created by Gaussian software. The crystal structures of 3HB5, 3MIW, 5IBV and 4WM8 were downloaded from the protein data bank (http://www.rcsb.org./pdb).
| RESULTS AND DISCUSSION
| Characterization of the organometallic Schiff base (HL)
A novel organometallic Schiff base (HL) was synthesized by condensation of 2-acetylferrocene with alanine in 1:1 molar ratio. From elemental analysis, the experimental data showed a good agreement with the calculated values which confirmed its molecular formula as C 15 H 17 NO 2 Fe.
Also, it showed good physical properties such as: melting point was about 85°C, its solubility had been performed in different solvents like ethanol, DMF, DMSO and its color was orange. The IR spectrum of the prepared Schiff base ligand showed some important bands that concerned the skeleton of the ligand. The most characteristic band was appeared at 1659 cm −1 corresponding to azomethine group which indicated the successful condensation of the parent materials. [18] Other two characteristic bands were appeared at 1454 and 1366 cm
which were attributed to (COO − ) asy and (COO − ) sym , respectively. [19] The carbonyl band of the amino acid (alanine) was appeared at 1744 cm −1 . [20] Furthermore, a wide vibration band of ν (O-H) was situated in the ligand at 3453 cm −1 . [21] To elucidate more structural information for preparation of the HL ligand, the mass spectrum of this ligand was recorded. From this spectrum, it was showed that a molecular ion peak at m/z = 301 a.u was in agreement with the formula weight of the ligand C 15 H 17 NO 2 Fe with molecular weight 299 g/mol. 1 H-NMR spectrum of the synthesized ligand was recorded in DMSO-d 6 . The spectrum showed multiplet signals at 4.24-4.78 ppm which corresponded to ferrocene group. [22, 23] The methyl protons of ferrocene group were appeared at 1.22 ppm while the methyl protons of alanine were appeared at 2.35 ppm. [24] Also, proton of (CH group) of alanine moiety was appeared as multiplet signals in the range of 6.42-6.44 ppm. [25] Finally, peak at 3.29 ppm was indicated to proton of the carboxylic acid group. The shifting of carboxylic proton that appeared may be due to the intramolecular hydrogen bonding with the solvent. [26] The position of COOH proton was confirmed from the 1 H-NMR spectrum of deuterated solvent.
| Geometrical optimization of the organometallic Schiff base ligand
The geometry optimization of the Schiff base ligand was performed at the DFT level of theory and its optimized structure with atomic numbering had been given in Figure (1) . [27] The bond lengths and angles of the HL ligand were calculated and then summarized in Table 1 .
The main orbital that take place in chemical stability are HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital). The HOMO represents the electron donor while LUMO is electron acceptor. Additional parameters such as HOMO-LUMO energy gap, ΔE, absolute electronegativities, χ, chemical potentials, Pi, absolute hardness, η, absolute softness, σ, global electrophilicity, ω, global softness, S, and additional electronic charge, ΔN max , were calculated using the following equations and then were listed in Table 2 :
The energy gap (ΔE) is considered as an important stability index which uses for explaining the structure and conformation barriers in many molecular systems. This energy gap was 4.49 eV. When this energy increases, the compound becomes more stable. Furthermore, the value of chemical potential (Pi) was negative, while the electrophilicity index (χ) had positive value. These 124.9541 (Continues) indicated that the Schiff base ligand might be donated electron to metal ions.
[29]
| Molecular electrostatic potential (MEP)
Molecular electrostatic potential (MEP) is useful method that can be used for determining the reactivity of a molecule in addition to determine the presence of interor intra-molecular interactions in this molecule. [30] In these MEP diagrams, different colors such as yellow, orange, red, green and blue can be used to indicate the different values of electronic potential that appeared at the surface of the molecule. Red color represents the electron-rich area or a more negative site while blue color represents a positive site. The MEP diagram of the organometallic Schiff base was revealed in Figure 2 . As a result, electron-rich sites were sited on the carboxylic group of the ligand with red color while ferrocene rings were surrounded by green color.
[31]
| Vibrational properties
IR spectroscopy is an important technique that used to identify functional groups in different molecules. So, the characteristic IR bands of prepared HL ligand were experimentally recorded in the range of 400-4000 cm −1 using KBr pellet. The theoretical bands of IR spectrum for the optimized structure of the ligand were determined by DFT/B3LYP method. [32, 33] Then the experimental and theoretical IR spectra were shown in Figure 3 . ment between the theoretical and experimental frequencies was very good and indicated to the successful preparation of the Schiff base ligand and supported the chemical structure of the ligand. The differences between theoretical and experimental frequencies may be resulted from systematic errors (which can be formed from harmonicity) or from the use of gas phase molecules in the DFT calculations. So, correlation coefficient was used as 0.9648 for LanL2DZ in order to overcome these errors.
[34]
| UV-Visible analysis
Three observed bands were appeared in the experimental UV-Vis absorption spectrum of the Schiff base ligand at 224 and 269 nm which corresponded to π-π* transitions of the ferrocene group and at 334 nm which related to n-π* transitions in the -C=N-group. [35] To confirm the experimental UV-Vis spectrum of the prepared Schiff base ligand, DFT/B3LYP calculations were performed. In Table 3 , it showed a comparison between the experimental and the calculated UV-Vis spectrum bands and also the excitation energies along with their oscillator strengths that can be obtained from DFT method. The DFT data showed three absorption 
| Molar conductivity measurements
Conductivity measurements can be used to determine the degree of ionization of the metal complexes. The molar conductivity of Schiff base metal complexes were measured in different solvents depending upon their solubilities with 1.0 × 10 −3 M concentration at 25°C. From the results, it was very clear that Mn (II), Co (II), Zn (II) and Cd (II) complexes were non-electrolytes, [37] while other metal complexes had electrolytic nature.
[38]
| IR spectra
In order to determine the mode of chelation of organometallic Schiff base ligand to metal (II/III) ions, IR spectrum of free HL ligand was compared with IR spectra of the prepared metal complexes. [39] IR spectrum of the prepared Schiff base ligand showed five important characteristic peaks. The most important characteristic peak was appeared at 1659 cm −1 which corresponded to azomethine group. These bands were shifted in all metal complexes to lower wavenumbers in the range of 1590-1648 cm −1 . This shift was indicated to the participation of azomethine group in coordination. [18] Other two characteristic bands were appeared in spectrum of ligand at 1454 and 1366 cm −1 which were attributed to (COO − ) asy and (COO − ) sym , respectively. These peaks also shifted in all complexes to lower and higher wavenumber in the range of 1437-1474 cm −1 and 1349-1372 cm −1 , respectively.
These results gave good indication for participating of the carboxylic group in coordination with metal ions. [40] The carbonyl band of alanine moiety in HL ligand was appeared at 1744 cm −1 . All metal complexes also showed peaks at 1633-1657 cm −1 which were corresponded to (C=O) except Cr (III), Ni (II), Zn (II) and Cd (II) complexes which disappeared from their spectra. [20] Furthermore, a wide vibration band of ν (O-H) situated in the ligand at 3453 cm . [21] The IR spectra of complexes showed new two bands which correlated to coordinated water molecule ν (H 2 O) at 891-971 and 825-888 cm −1 .
[41] Also, new two characteristic bands appeared in all spectra of metal complexes in the range of 532-570 cm
and 488-500 cm −1 region, which corresponded to the formation of M-O and M-N bonds, respectively. [42] These data indicated that prepared Schiff base ligand behaved as neutral bidentate ligand that coordinated to metal ions via N-azomethine and O-carboxylic group.
| UV-Visible spectra of the HL ligand and its metal complexes
Electronic spectra of the prepared ferrocene-based Schiff base ligand and its metal complexes were scanned in the spectral range 200-700 nm in suitable solvent. [43] These spectra have important information about metal complexes with respect to ligand. The UV-Vis spectrum of the free organometallic ligand showed three absorption bands at 224, 269 and 334 nm. The first and second bands corresponded to π-π* transitions in the cyclopentadienyl groups and the higher band that was appeared at 334 nm was related to n-π* transitions in the -C=N-group. [44, 45] The bands that were appeared at 224 and 269 in the spectrum of ligand were shifted in all complexes to lower or higher values in the range of 220-274 nm. These bands corresponded to π-π* transitions of the ferrocene group. Also the band of azomethine group that was showed in the ligand at 334 nm was shifted to 311-337 nm that assigned to n-π* transition. [46] This data gave good indication in coordination of the azomethine nitrogen to the metal ions.
|
H-NMR spectral studies
The proposed bonding pattern in the prepared complexes can be also supported by the 1 H-NMR spectral studies. So, 1 H-NMR spectra of the synthesized ligand and its Cd (II) complex were recorded in DMSO-d 6 and measured their chemical shift values (ppm). [22] The spectrum of the ligand exhibited multiplet signals at 4.24-4.78 ppm which corresponded to ferrocene group. These signals also appeared in Cd (II) complex at 4.23-4.77 ppm. [23] The methyl protons of ferrocene group was appeared at 1.22 ppm in the ligand and showed in Cd (II) complex at 1.06 ppm. Also, the methyl protons of amino acid alanine were appeared at 2.35 ppm which still present in the complex at the same position. [24] Also, proton of (CH group) was appeared as multiplet signals in the range of 6.42-6.44 ppm while was appeared in the Cd (II) complex at 6.46-6.55 ppm. [25] The proton of carboxylic acid was appeared in the ligand at 3.29 ppm. This signal was still present in the Cd (II) complex but shifted to higher value (3.33 ppm). The low value of this proton in these compounds might be due to the intramolecular hydrogen bonding with the solvent. The appearance of this proton signal in Cd (II) complex was respective to the prevention of deprotonation of carboxylic proton and the Schiff base behaved as neutral ligand. The shifting occurred in this signal from the ligand indicated that (COOH) entered in coordination bonds. [26] 
| SEM studies
Scanning electron microscope (SEM) has been actually used in order to determine the particle size and the morphology of the prepared compounds. [2] So, SEM micrographs of the organometallic Schiff base and its Cd (II) complex were shown in Figure 5 . From the data, it was indicated the successful formation of nanosized particles. It was showed a noticeable difference between the morphology of the ligand and its complex and also different in their size. The micrograph of HL ligand represented plates form. On the other hand, the micrograph of [Cd (HL)(H 2 O) 2 Cl 2 ].2H 2 O showed clouds or foams structure. The particle size of HL ligand was 54 nm, while for Cd (II) complex was 41 nm. [47, 48] 
| Thermal analysis of Schiff base ligand and its metal complexes
The DTG and TG results of thermal decomposition of the HL ligand and its transition metal complexes were carried out within the temperature range from 30 to 1000°C. The temperature ranges, number of stages, stages of decomposition, decomposition product loss, the calculated and found weight loss percentage and finally the residues of all compounds were given in 2 O complex showed five weight loss events. The first step of decomposition occurred within the temperature range of 30-205°C with a maximum peak temperature at 74°C and correspond to the loss of two water molecules of hydration and ½Cl 2 with estimated mass loss 13.23% (calc. = 13.50%). The second and third steps of decomposition were carried out in the range of 205-350°C with maximum peaks temperature at 232 and 339°C and correspond to the loss of H 2 O and C 4 H 6 molecules with estimated mass loss 13.23% (calc. = 13.60%). The fourth step of decomposition occurred in the range of 350-670°C with maximum peak temperature at 651°C and correspond to the loss of C 2 H 6 NCl molecule with estimated mass loss 15.74% (calc. = 15.01%). The final step was carried out within the range of 670-1000°C with maximum peak temperature at 858°C which correspond to loss of C 5 H 7 ClO 0.5 fragment with estimated mass loss of 20.65% (calc. = 20.87%), leaving behind ferric and chromium oxides contaminated with carbon as the product of decomposition. The overall weight loss amounted to 62.85% (calc. = 62.98%).
The [Mn (HL)(H 2 O) 2 Cl 2 ].4H 2 O complex showed three decomposition stages. The first stage correspond to three decomposition steps was occurred in the temperature range of 35-225°C which attributed to the loss of six water molecules, Cl 2 gas and C 2 H 2 molecule (Found = 38.14% and calc. = 38.48%) with maximum peaks temperature at 72, 135 and 178°C. The second stage correspond to two decomposition steps in the temperature range of 225-480°C which represented to loss of n* = number of decomposition steps C 6 H 6 N molecule (Found = 17.15% and calc. = 17.26%) with two maximum peaks temperature at 312 and 344°C. The final stage correspond to one decomposition step in the temperature range of 480-1000°C which represented to loss of C 7 H 9 molecule (Found = 18.26% and calc. = 17.45%) with maximum peak temperature at 627°C. FeO and MnO remained as residues. The total found weight loss amounted to 73.55% (calc. = 73.19%). The [Fe (HL)(H 2 O) 2 Cl 2 ]Cl.3H 2 O thermal curves showed four decomposition steps. The first step at temperature range of 45-130°C with maximum peak temperature at 80°C which correspond to loss of three hydrated water molecules (found = 9.48% and calc. = 9.79%). The second and third steps at temperature range of 130-340°C with maximum peaks temperature at 173 and 317°C which related to loss of H 2 O, Cl 2 gas and C 2 H 2 molecule (found = 20.96% and calc. = 20.85%). The final step at temperature range of 340-1000°C with maximum peak temperature at 642°C which related to loss of C 9 H 17 NO 0.5 Cl molecule (found = 33.19%; calc. = 33.09%). After complete decomposition ferrous and ferric oxides contaminated with carbon remained as residues. The total found weight loss was 63.63% (calc. = 63.73%).
The [Co (HL)(H 2 O) 2 Cl 2 ].3H 2 O complex thermally decomposed in three steps. The first step correspond to a mass loss of 9.76% (calc. 10.41%) within the temperature range of 30-80°C with maximum peak temperature at 75°C which represented the loss of three water molecules of hydration. The second step pointed to a mass loss of 39.42% (calc. 38.34%) within the temperature range of 80-300°C with maximum peak temperature at 173°C and represented the loss of 2H 2 O, Cl 2 gas and C 6 H 6 N molecule. The final step was occurred within temperature range of 300-1000°C with a mass loss of 22.00% (calc. 22.93%) and was reasonably attributed to loss of C 9 H 11 molecule, leaving FeO and CoO as residues. The total found weight loss was 71.18% (calc. = 71.68%).
The [Ni (HL)(H 2 O) 3 Cl]Cl.H 2 O complex thermally decomposed in three steps. The first step ascribed to a mass loss of 19.33% (calc. = 19.56%) within the temperature range of 30-265°C with maximum peak temperature at 78°C which represented to loss of four water molecules and C 2 H 2 fragment. The second step correspond to a mass loss of 23.35% (calc. = 23.15%) within the temperature range of 265-555°C with maximum peak temperature at 346°C and represented the loss of Cl 2 gas and C 2 H 7 N molecule. The final step was occurred within temperature range of 555-1000°C with a mass loss of 27.61% (calc. = 27.94%) and were attributed to loss of C 11 H 8 molecule, leaving FeO and NiO as residues. The total found weight loss was 70.27% (calc. = 70.65%).
The thermal decomposition of [Cu (HL)(H 2 O) 3 Cl] Cl.3H 2 O complex was occurred via five degradation steps.
The first and second steps of decomposition was occurred within the temperature range 40-190°C with maximum peaks temperature at 91 and 163°C which correspond to loss of three water molecules of hydration and ½ Cl 2 with a mass loss of 16.41% (calc. = 16.53%). The third and fourth steps of decomposition was occurred in the temperature range of 190-320°C with maximum peaks temperature at 299 and 314°C and correspond to the elimination of 3H 2 O and C 6 H 9 Cl molecules with a mass loss of 31.98% (calc. = 31.49%). The last step of decomposition was occurred within the temperature range of 320-1000°C with maximum peak temperature at 568°C which correspond to loss C 5 H 8 N molecule with a mass loss of 15.24% (calc. = 15.14%), leaving FeO and CuO 
| ANTIMICROBIAL ACTIVITIES
Antimicrobial activities of the prepared compounds had been screened against Gram-positive bacteria: Bacillus subtilis and Staphylococcus aureus, Gram-negative bacteria: Escherichia coli and Salmonella typhimurium and two strains of fungi (Aspergillus fumigatus and Candida albicans) by using disc-agar diffusion method. [49] The data were then given in Table 5 and represented in Figure 7 . Other metal complexes represented their biological inactive against two different species. These activities may be due to the destruction that occurred in the synthesis of cell walls. This leads to alteration in cell permeability characteristics that cause the death of the cell.
[50] 
FIGURE 9
Anticancer activity against breast cancer of the Schiff bases ligand (HL) and its metal complexes
The activities of the synthesized Schiff base ligand and its metal complexes were confirmed by calculating the activity index according to the following relation and then shown in Figure 8 . [51] [52] [53] 
| ANTICANCER ACTIVITIES
Nowadays, pharmaceutical researches represent the most advanced area in finding different active drugs for treatment of cancer. Preparation of metal-based anticancer drug is considered as one of the most important areas in this field. So, numerous of transition metal complexes have been prepared and then investigated for their anticancer activities. [54] Firstly, all the prepared compounds were screened against breast cancer cell line (MCF-7) at concentration 100 μg/ml. It was found that HL ligand, Cr (III), Mn (II), Fe (III), Co (II), Cu (II) and Cd (II) complexes had inhibition fraction higher than 70%. Secondary, IC 50 values of these active compounds were measured by using different concentrations (5, 12.5, 25 and 50 μg/ml). Finally, their results were listed in Table 6 and shown in Figure 9 . The data showed that free ligand had IC 50 as anticancer drug against breast cancer. The higher activities of the prepared compounds may be due to the presence of azomethine group in the macrocyclic chelate ring. During coordination of metal ions with the nitrogen of azomethine group in the chelate ring, the polarity of the metal atoms is reduced. This may be due to partial sharing of positive charge of the metal ions with the ligand. [55] [56] [57] The higher activity may be attributed to the increase in π-electron delocalization in the ligand moiety on complexation. As a result, penetration of the complexes can be enhanced and become more efficient through the lipid layer of cell membranes. [58, 59] [28, 60] Threedimensional plots of docking were shown in Figure 10 . Furthermore, the binding energies of the ligand and its Co (II) complex were calculated and then listed in Table 7 .
From experimental anticancer activities data, it indicated that Schiff base ligand had IC 50 value = 50.2 μg/ ml against breast cancer cell line and its Co (II) complex had the lowest IC 50 value = 10.9 μg/ml. To confirm this data, theoretical docking studies were investigated against breast cancer mutant oxidoreductase (PDB ID: 3HB5). From docking results, it was showed that the lowest binding energies of HL ligand and its Co (II) complex were − 6.4 and − 26.6 kcal mol −1 , respectively. These indicated the more active of the complex than its parent ligand and this large decrease occurred due to the formation of coordination bonds with Co (II) ion. Because of the high activities of these compounds, they were also investigated against three different gastroenteritis (inflammation of the stomach and intestines) which caused by one of many number of viruses such as Rotavirus, Astrovirus and Enterovirus. The data indicated that there were high and effective interactions between these prepared compounds and the three receptors.
The main interaction forces between the compounds and the active sites were H-donor, H-acceptor, ionic, π-H and metal. The lowest binding energies of HL ligand and its Co (II) complex with 3MIW, 5IBV and 4WM8 receptors were − 4.4, −4.1 and − 1.4 kcal mol −1 for ligand and − 27.3, −16.9 and − 24.6 kcal mol −1 for Co (II) complex, respectively. Also it showed that the binding energy decreases upon coordination. So, the Co (II) complex was more active than HL ligand and could be used as very effective drug against gastroenteritis in the future. [61] [62] [63] [64] 8 | CONCLUSION 
